Cells were plated, pre-treated for 6 hours with 30µM of MEM and then exposed for 24 hours to 200 µM, 100 µM, 50 µM and 25 µM of HQ while MEM was still present. Cell viability (CV), reactive oxygen species (ROS), mitochondrial membrane potential (ΔΨm), and lactate dehydrogenase (LDH) release assays were performed.
INTRODUCTION:
Patients with Alzheimer's disease (AD), one of the most common aging diseases, suffer from progressive memory loss and impairments of cognitive function.
1 AD patients are also at risk for developing retinal degeneration and visual complaints. 2, 3 Blanks et al. reported loss of retinal ganglion calls (RGCs) in AD patients, 4 while Kesler et al. showed reduction in the retinal nerve fiber layer thickness. 5 Similarly to AD, the principal risk factor for Age-related Macular Degeneration (AMD) is aging. The accumulation of lipofuscin and extracellular drusen deposits between the basal lamina of the retinal pigment epithelium (RPE) and the inner collagenous layer of the Bruch's membrane are the hallmark for AMD. 6, 7 Both AMD and AD exhibit the similar pathological features of increased oxidative stress and inflammation. In a classic mouse model of AD, it has been shown histologically that the retina has depositions of amyloid- (A) within the nerve fiber layer (NFL), inner nuclear layer (INL), RGC layer 8, 9 and inner plexiform layer (IPL). 10 Memantine (MEM) is a N-Methyl-D-aspartate (NMDA) receptor antagonist.
Historically, researchers at Eli Lilly first synthesized MEM in hopes of discovering a blood glucose lowering agent, 11 but the compound lacked such activity. In 1972,
Merz and coworkers identified the effects of MEM on central nervous system (CNS) activity and reported its potentials in treating Parkinson's disease, spasticity, cerebrovascular and psychiatric diseases associated with aging. [12] [13] [14] [15] MEM improved the symptoms of patients with AD because it prevents apoptosis, decreases deposition of antibodies [16] [17] [18] and inhibits microglial activation. 19, 20 In 2003, MEM was approved for treatment of patients with moderate to severe
Alzheimer's disease. 21, 22 MEM decreased the levels of gentamycin-induced apoptosis of spiral ganglion cells in Guinea pigs. 23 In the retina, MEM had antiapoptotic functions that protected RGC in glaucoma 24 and was effective in reduction of retinal nerve fiber layer (RNFL) thinning seen in patients with optic neuritis. 25 In patients with acute anterior ischemic optic neuropathy, systemic MEM improved the best corrected visual acuity. In a mouse model, it has been hypothesized that the MEM protective effects are due in part to decrease of OPA1
and cytochrome c release which lowers levels of downstream apoptosis. 26 Other properties of MEM include counteracting damage caused by ischemia/reperfusion in rabbits and rats retinas, 27, 28 preventing ethambutol-induced retinal injury in rats 29 , reducing retinal neurodegeneration in the DBA/2J mouse 30 , protecting against low-dose glutamate toxicity in a rat model 31 and reversing cytotoxicity of catechol and Benzo(e)Pyrene, (components from cigarette smoke) in human retinal
Müller cells and retinal pigment epithelial cells in vitro by decreasing apoptosis as measured by lower caspase-3/7 and caspase-9 activities. 32, 33 Smoking is considered one of the most important risk factors for developing AMD. Smokers have two to three fold higher risk to develop AMD compared to never-smokers. 34 Smoking has an association with both the wet and dry forms of advanced AMD. 35, 36 The risk declines by 6.7% after one year of smoking cessation, and the risk goes down by another 5% if the no-smoking habit continues.
Finally, after 10 years of not smoking, an extra 4.2% risk reduction is added. 37, 38 Inflammation and oxidative stress caused by cigarette smoke are thought to play a role in developing AMD. 39, 40 Chemicals and carcinogens are found in gasphase smoke and/or the retained tar within cigarettes filters. 41, 42 Hydroquinone (HQ), a semiquinone mixture, is the most common component found in cigarette` tar, 43 with each cigarette filter having up to 155 mg of HQ. 44 In the industrial work place, HQ is found in X-ray films, photographic paper and is used as a reducing agents in most petrochemical and rubber products. Clinically, HQ can be used to treat hyper-pigmented photo-damaged skin. 45 Even in the absence of direct exposure to the chemical, human urine can contain low parts-per million (PPM) levels of HQ due to exposure to benzene. 46 Surprisingly, increases in plasma and urine HQ levels that are even higher than after 30 minutes of smoking 4 cigarettes, can occur after oral ingestion of wheat products and pears. 47 In vitro studies have shown HQ toxicity on retinal and vascular cell cultures. [48] [49] [50] Studies with male F344 rats reported nephrotoxicity and tumorigenicity after HQ exposure. 51, 52 In an experimental animal model of dry The aim of this study was to determine if MEM had protective properties against the cytotoxic effects of HQ the human ARPE-19 and MIO-M1 cell lines.
METHODS:
Cell culture: 
Cell viability assay:
ARPE-19 and MIO-M1 cells (5 X 10 5 cells/well) were plated in 6-well plates for 24 hours and treated as described above. Cells were harvested using trypsin-EDTA 0.2% for 5 minutes, centrifuged for 5 minutes at 1000 rpm, and then resuspended in 1 mL of culture medium. Cell viability was assessed by trypan blue dye-exclusion with an automated ViCell cell viability analyzer (Beckman Coulter, Inc., Fullerton, CA).
Reactive oxygen species (ROS) assay:
The ROS assay, measuring levels of hydrogen peroxide, peroxyl radicals, and peroxynitrite anions, was performed using the fluorescent dye 2´,7´-dichlorodihydrofluorescein diacetate (H 2 DCFDA; Invitrogen-Molecular Probes, Eugene, OR). 64 The fluorescent signal was determined using the fluorescent image scanning unit FMBio III (Hitachi Solutions America) with excitation (EX, 550 nm) and emission (EM, 600 nm) filters.
Mitochondrial membrane potential (ΔΨm) assay:
Detection of ΔΨm values was performed using the JC-1 mitochondrial 
Lactate dehydrogenase cytotoxicity assay:
The lactate dehydrogenase (LDH) assay for detecting necrosis was performed using the LDH Cytotoxicity Assay Kit II (BioVision, Inc., Mountain View, CA) according to the manufacturer's protocol. This kit uses the WST (4-[3-
reagent for detection of LDH released from the damaged cells. NADH release from oxidized lactate by LDH reacts with WST that was measured at 450 nm optical density with a BioTek ELx808 absorbance plate reader (BioTek, Winooski, VT).
Markers for ARPE-19 and MIO-M1 cell lines:
To validate our cell lines, we used real time-qPCR (RT-qPCR) to measure expression levels of genes known to be markers for human RPE cells and human 
Statistical analyses:
Data were analyzed with unpaired t-test and one-way ANOVA using the GraphPad Prism version 5.00 for Windows (GraphPad Software, San Diego, CA; www.graphpad.com). P ≤ 0.05 (*) statistically significant; P ≤ 0.01 (**) very significant; P ≤ 0.001 (***) extremely significant. Error bars in the graphs represent SEM for the triplicate performed experiments.
RESULTS:

Cell viability (CV) studies:
For (Fig. 1b) .
ROS assay
In ARPE-19 cell line, ROS production levels were increased after HQ (Fig. 2b) .
Mitochondrial membrane potential assay
The ΔΨm fluorescence ratios in the ARPE-19 cells exposed to 200 µM, 100 µM, 50 µM or 25 µM of HQ were 3654 ± 71.73, 3941 ± 77.02, 5167 ± 33.32 and 75.62, Fig 3a) ( Table 3) . These values were corrected only at 50 µM HQ-treated (Fig. 3b) . (Fig. 4b) . Clinical studies with patients have reported the therapeutic effects of MEM in aging patients with neuro-psychiatric diseases are through anti-apoptosis, decreasing extracellular deposition of fibrillogenic amyloid-beta peptides (Abeta) [16] [17] [18] and inhibiting of microglial activation. 19, 20 In This suggests that MEM`s effects were greater at blocking ROS production and less at providing stability to the mitochondrial membrane potential.
LDH release assay
DISCUSSION
LDH production reflects the degree of necrosis in cultured cells. In ARPE- 
